ABSTRACT The purpose of this investigation was to identify the mosquito (Diptera: Culicidae) vectors of West Nile virus (WNV; family Flaviviridae, genus Flavivirus) during an epizootic WNV outbreak in eastern Puerto Rico in 2007. In June 2006, 12 sentinel chicken pens with Þve chickens per pen were deployed in six types of habitats: herbaceous wetlands, mangrove forests, deciduous forests, evergreen forests, rural areas, and urban areas. Once WNV seroconversion in chickens was detected in June 2007, we began trapping mosquitoes using Centers for Disease Control and Prevention (CDC) miniature (light/CO 2 -baited) traps, CMT-20 collapsible mosquito (CO 2 -and ISCA SkinLure-baited) traps, and CDC gravid (hay infusion-baited) traps. We placed the CDC miniature traps both 2Ð 4 m and Ͼ30 m from the chicken pens, the collapsible traps 2Ð 4 m from the pens, and the gravid traps in backyards of houses with sentinel chicken pens and in a wetland adjacent to an urban area. We found numerous blood-engorged mosquitoes in the traps nearest to the sentinel chickens and reasoned that any such mosquitoes with a disseminated WNV infection likely served as vectors for the transmission of WNV to the sentinels. We used reverse transcriptase-polymerase chain reaction and isolation (C636) on pools of heads, thoraxes/abdomens, and legs of collected blood-engorged mosquitoes to determine whether the mosquitoes carried WNV. We detected WNV-disseminated infections in and obtained WNV isolates from Culex nigripalpus Theo (minimum infection rate [MIR] 1
After Þrst appearing in New York in 1999, West Nile virus (WNV; Flaviviridae: Flavivirus) has spread throughout North America, the Caribbean, and Central and South America (CDC 1999 , Komar and Clark 2006 , Petersen and Hayes 2008 , Artsob et al. 2009 ). WNV circulates primarily between birds and mosquitoes, although recent reports (e.g., Miller et al. 2003 , Platt et al. 2008 indicate that it has also been found in large reptiles and several small mammals. Humans, domestic animals, equines, and poultry do not amplify the virus to levels at which competent mosquito vectors can be infected (Langevin et al. 2001 , Blitvich 2008 . More than 27,000 human cases of WNV infection and Ͼ1,000 deaths attributed to WNV infection were reported in the United States from 1999 to 2007 (Petersen and Hayes 2008) . However, WNV infection is thought to be greatly underdiagnosed and underreported; researchers estimated that 175,000 WNV infections and 35,000 cases of West Nile fever occurred in the United States in 2007 (Lindsey et al. 2008) .
At least 65 species of mosquitoes have been found with WNV RNA or WNV antigen in the United States since 1999 (http://www.cdc.gov/ncidod/dvbid/ westnile/mosquitoSpecies.htm#99; MacKay et al. 2008) . However, it is unlikely that all of these species of mosquitoes are competent vectors. The primary vectors of WNV in North America are Culex restuans Theo., Culex nigripalpus Theo., Culex pipiens L., Culex quinquefasciatus Say, Culex salinarius Coq., and Culex tarsalis Coq. (Petersen and Hayes 2008, Artsob et al. 2009 ). Most of these mosquito species are ornithophilic and are responsible for the enzootic transmission of WNV in the United States. The latter Þve species also bite humans and other mammals (Edman 1974) , causing tangential or spill-over infections.
In contrast, very few human cases of WNV infection have been reported from tropical areas of North, South, or Central America (Komar and Clark 2006) . Similarly, WNV has rarely been found in mosquitoes from tropical areas of the Americas. WNV was isolated from Cx. quinquefasciatus in northern Mexico (Elizondo-Quiroga et al. 2005) , and WNV RNA was detected in this mosquito species farther south in Tabasco (Hidalgo-Martinez et al. 2008) . WNV was identiÞed in Cx. nigripalpus, Culex bahamensis Dyar and Knab, and Cx. quinquefasciatus and isolated from Cx. nigripalpus and Cx. bahamensis during an epizootic WNV outbreak in Puerto Rico (Barrera et al. 2008 , Hunsperger et al. 2009 ). Recently, Ulloa et al. (2009) reported the isolation of WNV from Cx. nigripalpus and Culex interrogator Dyar and Knab in southern Mexico. In this work, we present data suggesting the extent to which various mosquito species are acting as WNV vectors in Puerto Rico.
In our investigation, we identiÞed and isolated WNV in mosquitoes collected from three types of traps during an epizootic outbreak of WNV in Puerto Rico in 2007. We observed large numbers of recently blood-engorged mosquitoes in the traps placed next to the chicken pens and very few in traps placed farther away. Capturing so many recently blood-engorged mosquitoes was curious because the traps that we usedÑCenters for Disease Control and Prevention (CDC) miniature (light/CO 2 -baited) traps, CMT-20 collapsible mosquito (CO 2 -and ISCA SkinLurebaited) traps, and CDC gravid (hay infusion-baited) trapsÑwere meant to target host-seeking or ovipositing mosquitoes. We reasoned that the more frequent occurrence of fresh blood in the abdomen of the mosquitoes that were closer to the pens could be indicative of recent feeding on the sentinel chickens and that, among those mosquitoes with fresh blood, the ones having a disseminated WNV infection were the ones most likely to be vectors for the transmission of WNV to the sentinel chickens. In this study, we describe the PCR identiÞcation and isolation of WNV in the heads, abdomens, and legs of engorged mosquitoes collected from the three types of traps. Although this method of identifying the WNV vectors in the Þeld may not identify the deÞnitive vector or vectors, it helps to narrow the Þeld of possible WNV vectors.
Materials and Methods
Study Site. This study was conducted in the humid coastal valleys (Picó 1950 ) near the munincipalities of Ceiba and Naguabo in eastern Puerto Rico (Fig.  1) . The main types of vegetation in this area are mangroves, herbaceous wetlands, lowland semideciduous forests, and lowland evergreen forests, and the primary land-use categories are pasture, suburban/rural, and urban (Fig. 1) . From 1959 through 2003, the mean annual temperature in the area was 26.7ЊC, and the mean annual rainfall was 1,324.8 mm. The area is usually relatively dry and cool from January to March and hot and humid the rest of the year, with a small rainfall peak in April or May and a larger one from September to November (Fig. 2) . The area was unusually wet in May 2006, drier than average from January to March 2007, and wetter than average in April 2007 (Fig. 2) .
Mosquito Sampling. We conducted mosquito sampling at sites where, since July 2006, WNV was being monitored in 60 sentinel chickens placed in 12 pens, each housing Þve individually caged birds. Of the 12 pens, eight were located in unpopulated areas (two in herbaceous wetlands, two in mangrove forests, two in deciduous forests, and two in evergreen forests), two in rural areas, and two in urban areas ( Fig.  1) (Barrera et al. 2008 ). On 8 June 2007, WNV antibodies were Þrst detected in sentinel chickens in four pens, and we began trapping mosquitos near those pens the following day. We began mosquito trapping near other pens as soon as WNV antibodies were detected in chickens in those pens; by the second week, mosquito trapping was being conducted at 11 pens, and during the following weeks, it was being conducted at all 12 pens (Table 1 ; Hunsperger et al. 2009 ). Samples were collected for consecutive 6 d in the Þrst week and for consecutive 4 d in all subsequent weeks. Mosquito collections were conducted from June to August 2007, at 1, 2, 3, 4, 6, 9, and 12 wk after the Þrst seroconversion.
CDC miniature light traps (product 512, John W. Hock, Gainesville, FL) were used at each site; one trap was placed 2Ð 4 m from each chicken pen, and one or more traps were placed at least 30 m away ( Table 1) . The light traps were supplemented with carbon dioxide (CO 2 ) in the form of dry ice in a small cooler. Two kilograms of dry ice were used per trap per night.
In addition, during the Þrst 2 wk of sampling, we placed one collapsible mosquito trap (CMT-20, ISCA Technologies, Riverside, CA) 2Ð 4 m from each chicken pen where WNV seroconversion was initially observed (one in the mangrove, two in the evergreen forests, and one in the wetlands; Table 1 ). We did not use any of these traps farther away from the chicken pens because we had only a limited number of them. Captures using ISCA traps were discontinued after 2 wk because the presence of seropositive chickens in all pens required installing and monitoring CDC traps in all 12 sites, and there were not enough personnel to keep so many traps operating simultaneously. We baited the CMT-20 traps with liquid lure (ISCA SkinLure) and CO 2 released from a cylinder at 30 ml/min. During the second sampling week, we placed three CDC gravid traps (product 1712, John W. Hock, Gainesville, FL) near each pen at the rural and urban sites. From the third sampling week on, we placed two traps near each pen at these sites and near a pen at a wetland site that was close to populated areas (Table  1) . We deployed gravid traps mostly in populated areas because we previously found them to be inefÞcient at collecting mosquitoes in natural areas in Puerto Rico. We baited the gravid traps with hay infusion made by adding one pound of dried, cut, commercially available hay to Ϸ25 gallons of water (Reiter 1987) . The infusion was prepared 1 wk before it was used and cured in a 33-gallon plastic trash can Þtted with a lid. All traps were set between 2:30 p.m. and 5:00 p.m. and picked up between 7:30 a.m. and 10:00 a.m. the following morning. Mosquitoes collected in the traps were transported to the laboratory on dry ice and stored at Ϫ70ЊC before being sorted.
All mosquitoes collected during the Þrst week were sorted and identiÞed. During the remaining sampling weeks, we randomly selected about one of four daily samples from each site (Table 1 ). All blood-engorged female mosquitoes were removed. Species with Ͼ50 specimens collected were grouped into pools of Յ50 specimens by species, trap period, and trap location. Species with Ͻ50 specimens collected were grouped by species only. After specimens were identiÞed, those lacking legs were removed from each pool and were not submitted for WNV RNA detection. Using sterile forceps for each pool to avoid cross-contamination, we removed the legs of the remaining bloodfed females, and pooled them into a separate vial. We then used a second set of sterile forceps to remove and pool the heads into another vial. For each group of blood-fed mosquitoes, the leg pool, the head pool, and the abdomen/thorax/wing pool were processed separately for detection of WNV RNA or virus culture. Because we calculated the prevalence of WNV infection in mosquitoes from pools of varying sizes, we used the maximum likelihood estimation of the minimum infection rates (MIRs), as described by Biggerstaff (2006) . We considered that mosquitoes had a disseminated infection if WNV was identiÞed or isolated from their legs. The presence of WNV in the head, thorax, or abdomen could be because of a disseminated infection or remnants of a recent blood meal from an infected host.
WNV RNA Detection. To test for the presence of WNV nucleic acid in mosquito pools (Table 2) , we followed a previously published protocol for a realtime, reverse transcriptase-polymerase chain reaction (RT-PCR) procedure (Lanciotti and Kerst 2001) . WNV Isolation. We followed previously published protocols (Gubler et al. 1984 , Barrera et al. 2008 ) to isolate WNV in C636 cells from samples that tested positive for WNV in the RT-PCR analysis.
Statistical Methods. We used log 10 X ϩ 1 to transform the number of mosquitoes per trap before statistical analyses, the two-sample t test (␣ ϭ 0.05) to compare two independent means, the general linear model (GLM) to test the effects of independent variables on the number of female mosquitoes per trap, a 2 test of independence to test the null hypothesis that the proportion of blood-fed specimens was the same in CDC traps placed next to the chicken pens as in those placed farther away, the coefÞcient (Ϫ1, 1) to assess whether the proximity of CDC traps to the chicken pens was associated with the number of blood-fed specimens in the traps, and the maximum likelihood estimation of the MIRs to estimate the number of mosquitoes per 1,000 infected with WNV on the basis of infection data from mosquito pools of varying sizes (Biggerstaff 2006) . Results are presented as mean values Ϯ their 95% conÞdence intervals.
Results
Mosquitoes Captured. We captured 29 mosquito species during the study (Table 3 ). The most frequently captured species were Aedes taeniorhynchus (Wied.), Cx. bahamensis, Cx. nigripalpus, Aedes tortilis (Theo.), Culex taeniopus Dyar and Knab, Anopheles grabhamii Theo., and Deinocerites magnus (Theo.).
The mean number of mosquitoes captured in CDC light/CO 2 -baited traps (CDC traps) (Table 3 ). The overall number of mosquitoes captured in CDC traps and the numbers of some of the most common species of mosquitoes captured all decreased markedly during the 12 wk of the study (Figs.  3 and 4A) .
The mean number of female mosquitoes captured in ISCA skin-lure/CO 2 -baited traps per night during the Þrst 2 wk of observations (1,195.1 Ϯ 467.5) was not signiÞcantly different (t ϭ 1.85, df ϭ 57, P Ͼ 0.05) from the mean number collected in the neighboring CDC traps (1,884.4 Ϯ 578.3) during the same period. The two sets of traps were a few meters from each other, next to the chicken pens (Table 3) . Compared with the CDC traps, the ISCA traps captured fewer Cx. bahamensis and more Cx. taeniopus Dyar and Knab (Table 3 ). The mean number of mosquitoes collected per ISCA trap per night decreased from 1,455 Ϯ 595 in the Þrst week to 544 Ϯ 468 in the second week.
CDC gravid traps mostly trapped Cx. quinquefasciatus (Table 3 ). The number of mosquitoes in CDC gravid traps did not change signiÞcantly by sampling period ( Fig. 3 ; overall mean 109 Ϯ 25; GLM; F ϭ 0.06; P Ͼ 0.05).
Terrestrial Habitats. The number of mosquitoes captured in CDC traps per night signiÞcantly changed among terrestrial habitats ( Fig. 5 ; GLM; F ϭ 14.7; P Ͻ 0.01). However, the distribution of mosquito species captured in CDC traps was fairly similar across several natural vegetation types in the study area (Fig. 5) . Ae. taeniorhynchus was collected most frequently in the mangrove areas, Cx. nigripalpus in areas with tall vegetation (mangroves, evergreen forests), Cx. bahamensis in semideciduous forests, and Cx. quinquefasciatus in both urban and rural areas. In addition, a relatively high number of Cx. nigripalpus mosquitoes was collected at rural sites (Fig. 5) . Although 22 mosquito species were captured at urban and rural sites, the number of specimens collected was relatively small for most of these species.
Blood-Engorged Mosquitoes. We frequently found mosquitoes that appeared to be recently engorged with blood in the traps next to the sentinel chicken pens. The presence of blood-engorged mosquitoes in the CDC trap samples was positively associated with the proximity of the traps to the sentinel chicken pens ( 2 ϭ 54.3; P Ͻ 0.01; ϭ 0.53). We identiÞed 17 species of blood-fed mosquitoes, including the most abundant ones (Table 3 ). The mean number of bloodfed mosquitoes in CDC traps next to the chicken pens was consistently larger than in CDC traps away from the pens throughout the study (Fig. 4B) . After the fourth week, the number of blood-fed mosquitoes captured in CDC traps and the total number of mosquitoes captured in CDC traps both decreased substantially (Fig. 4A) .
The percentage of trapped mosquitoes that were blood-fed was lowest in mangrove areas (0.5%), intermediate in the other natural habitat areas (1.2Ð 1.7%), and highest in urban/rural areas (5.2Ð5.5%). The species with the highest percentages of blood-fed specimens in the traps were Cx. nigripalpus (5.4%) and Cx. quinquefasciatus (4.9%), whereas the species with the lowest percentage was Ae. taeniorhynchus (0.9%). The percentage of blood-fed specimens among other abundant mosquito species ranged from 3.1 to 3.6%.
WNV RNA Detection in Blood-Engorged Mosquitoes. We detected WNV RNA in 25 pools derived from mosquito thoraxes/abdomens, in 18 pools derived from mosquito heads, and in Þve pools derived from mosquito legs (Table 2) . Five species of mosquitoes were positive for WNV RNA. The largest maximum likelihood estimator of the MIR per 1,000 mosquitoes was for Culex habilitator; the next largest were for Cx. nigripalpus, Cx. bahamensis, Cx. quinquefasciatus, and Ae. taeniorhynchus (Table 2) . However, the percentage of pools positive for WNV RNA was highest for Cx. nigripalpus (21.2%), Cx. bahamensis (12.0%), Cx. habilitator (11.1%), Cx. quinquefasciatus (8.1%), and Ae. taeniorhynchus (1.1%). The only species for which WNV RNA was detected in separate pools of legs and heads were Cx. nigripalpus, Cx. bahamensis, and Ae. taeniorhynchus. WNV was detected in pools of mosquitoes captured by all three types of traps used in the study. Of the 30 positive pools, 27 came from CDC miniature light traps baited with CO 2 , one from CMT-20 traps baited with human skin lure and CO 2 , and two from CDC gravid traps.
WNV isolates were obtained from pools of thoraxes/abdomens (13 isolates) and heads (11) of Cx. nigripalpus; from pools of thoraxes/abdomens (5), heads (3), and legs (2) of Cx. bahamensis; from pools of thoraxes/abdomens (2) of Cx. quinquefasciatus; and from pools of heads (1) and legs (1) of Ae. taeniorhynchus.
We did not detect WNV RNA in other Culex (Culex) species. Although numerous specimens of the Culex (Melanoconion) species, particularly Cx. taeniopus, were collected, none of the pools derived from these species was positive for WNV RNA. Other common species that frequently appeared with blood in the traps (Ae. tortilis, An. grabhamii) were also negative for WNV RNA (Table 2) .
WNV was Þrst detected on 10 June 2007 in specimens of Cx. nigripalpus, which was the species that tested positive for WNV most frequently during the Þrst 6 wk of sampling (11 JuneÐ19 July). Cx. bahamensis specimens Þrst tested positive during the second week of sampling and continued testing positive through the fourth week (which ended 5 July). Specimens of Cx. quinquefasciatus tested positive from the third through the sixth week. WNV RNA was detected in a pool of Ae. taeniorhynchus in the third week of sampling and in a pool of Cx. habilitator in the fourth week. Overall, the percentage of pools that tested positive was highest during the third through the sixth week (Fig. 4B) , although no mosquito pools were tested for WNV after the sixth week.
Because WNV seroconversion occurred in chickens located at every site investigated, we expected to Þnd WNV RNA in blood-fed mosquitoes from each location. However, we found no WNV-positive mosquitoes in mangrove or urban areas. Eleven of 17 Cx. nigripalpus pools that tested positive for WNV RNA were from rural areas, whereas six of eight Cx. bahamensis pools that tested positive were from semideciduous forests. Two of the three pools of Cx. quinquefasciatus that tested positive for WNV RNA contained specimens that were collected from an herbaceous wetland adjacent to a populated area.
Discussion
Vectors of WNV in Puerto Rico. On the basis of the presence of disseminated infections, we identiÞed Cx. nigripalpus, Cx. bahamensis, and Ae. taeniorhynchus as possible WNV vectors during the 2007 WNV epizootic outbreak in Puerto Rico. We deÞned a disseminated infection on the basis of the identiÞcation or isolation of WNV from pools containing legs of these mosquitoes. We did not consider the presence of virus in heads as a deÞnite proof of a disseminated infection because of the possible presence of viremic blood in the proboscis. We also found WNV in Cx. quinquefasciatus and Cx. habilitator through RT-PCR, but were not able to identify or to isolate virus from their legs. Taking into account the MIRs and the abundance of Cx. nigripalpus and Cx. bahamensis in the areas sampled, we determined that these species were likely the most important enzootic vectors during the epizootic outbreak (Tables 2 and 3 ). The MIRs for Cx. nigripalpus (1.1 per 1,000), Cx. bahamensis (1.9 per 1,000), and Ae. taeniorhynchus (0.3 per 1,000), which we calculated from pools of their legs (Table 2) , are closer to the virus transmission rates of these species in nature than to the more commonly reported infection rates derived from host-seeking mosquitoes whose whole bodies were processed (Reeves et al. 1961) . We assume that a fully engorged mosquito with a disseminated infection could have passed viruses to the host it had just bitten.
Our estimate of the rate of disseminated infection in Cx. nigripalpus is similar to the transmission rate observed for this species in Florida (0.8 Ð1.0 per 1,000; Rutledge et al. 2003) . Our results, in conjunction with a recent report of WNV-infected Cx. nigripalpus in southern Mexico (Ulloa et al. 2009 ) and a previous demonstration of the capacity of Cx. nigripalpus from Honduras to transmit WNV (Mores et al. 2007) , indicate that Cx. nigripalpus can act as an enzootic vector of WNV in tropical areas of the Western hemisphere. This species has ample geographicaldistribution(http://www.mosquitocatalog. org/taxon_descr.aspx?IDϭ16832), feeds on a wide range of vertebrate hosts (Edman 1974 , Day and Edman 1988 , Forattini et al. 1995 , and has been collected in open and forested areas (Day and Edman 1988 , Forattini et al. 1995 , Mendez et al. 2001 , Barrera et al. 2002 , as well as in urban areas (Hribar 2007 , Smith et al. 2009 ). Cx. nigripalpus was a common species in all habitats in this study except for the urban sites (Fig. 5) .
WNV has been found in Cx. bahamensis mosquitoes in the United States (http://www.cdc.gov/ncidod/ dvbid/westnile/mosquitoSpecies.htm#99), and our results showed evidence of disseminated infection in this species during the 2007 epizootic outbreak in Puerto Rico. Because Cx. bahamensis is a common coastal mosquito of the Caribbean islands (http://www. mosquitocatalog.org/taxon_descr.aspx?IDϭ15525) and the Florida Keys (Hribar 2005) , these Þndings suggest that the species can be an important enzootic vector of WNV in this region.
Ae. taeniorhynchus is relatively refractory to WNV infection in the laboratory, but an infected individual can transmit the virus (Turell et al. 2001a, b) . This species had the lowest MIR of the species whose MIR we estimated; however, because of its high density in Puerto Rico, it also may act as an important vector of WNV (Table 3) . Ae. taeniorhynchus is a widely distributed species in the Americas (http://www.mosquitocatalog.org/taxon_ descr.aspx?IDϭ17461) and has been found to be infected with WNV in the United States (http:// www.cdc.gov/ncidod/dvbid/westnile/mosquitoSpecies. htm#99; Hribar et al. 2003) .
Although WNV was isolated from Cx. quinquefasciatus, we could not determine whether it acted as a WNV vector in Puerto Rico because the virus was not isolated from pools of this speciesÕ legs. This mosquito species has been reported as a vector of WNV in the United States (e.g., Godsey et al. 2005 ), but its status as a vector farther south has not yet been conÞrmed. It would be important to determine whether Cx. quinquefasciatus acts as a vector of WNV in tropical regions of the Americas because it is a rather common, anthropophagic mosquito of urban areas in these regions.
WNV in Puerto Rico. Although WNV circulated in Puerto Rico in 2007, we found no evidence that the virus has permanently established itself on the island. For example, we were not able to detect any seroconversion in sentinel chickens from the inception of the surveillance program in June 2006 until early in June 2007, when we started registering high levels of chicken seroconversions as a result of infections in late May (Barrera et al. 2008 , Hunsperger et al. 2009 ). In May 2006, unusually heavy rains that caused generalized ßooding may have negatively impacted the mosquito populations, whereas in 2007, a relatively normal dry season (December to March; Fig. 2 ) was followed by a moderate rainfall peak in April, which is normal for northern Puerto Rico. The Þrst peak of rainfall that marks the end of the dry season in northern Puerto Rico (April/May) generally produces larger populations of surface-water mosquitoes than the second and more prolonged rainy season that occurs toward the end of the year (Smith et al. 2009 ). In Florida, dry periods followed by rains have been shown to amplify mosquito populations and the transmission of St. Louis encephalitis virus and WNV (Shaman et al. 2005) . Our results also showed that large mosquito populations in early June coincided with the initial seroconversion in sentinel chickens (Fig. 3) .
In June 2007, the Þrst human WNV infections in Puerto Rico were detected in blood from Red Cross donors with no history of travel outside the island (CDC 2008 (CDC, unpublished data) . In 2007, WNV isolates from a blood donation, a dead falcon, an encephalitic horse, and the mosquitoes in this study revealed that the circulating viruses were lineage I WNV and closely related to the virus circulating in North America, suggesting that these viruses were introduced recently into Puerto Rico (Barrera et al. 2008 , Hunsperger et al. 2009 ). Taken together, these Þndings indicate that WNV has not been able to permanently establish itself on the island, which may explain the relatively low prevalence of WNV infections in humans and equines.
Studies of WNV infections in wild birds in the study area have shown that three of the most common passerine birds and other less abundant ones carry antibodies to WNV (CDC, unpublished data) . However, host identiÞcation of blood meals from resting mosquitoes showed that most of the blood meals came from nonpasserine birds and that more blood meals came from reptiles than from birds (CDC, unpublished data) . In addition, Culex (Culex) mosquito species (Cx. nigripalpus, Culex janitor, Cx. bahamensis) fed predominantly on small reptiles, which are rather abundant in Puerto Rico. The presence of potential WNV vectors across all habitats investigated should favor widespread virus transmission in the study area. Future studies should identify and locate the aquatic habitats of WNV vectors and establish the relationship with the location of adult mosquitoes. These preliminary results reveal a complexity of poorly understood interactions between vertebrate hosts of WNV and mosquitoes in this tropical island ecosystem.
Mosquito Sampling. We collected signiÞcantly more mosquitoes in CDC traps placed next to the chicken pens than in those placed farther away, most likely because the mosquitoes were attracted by the Þve chickens in each pen. Thus, mosquito captures can be signiÞcantly increased using this technique. We had previously observed that, in eastern Puerto Rico, more Cx. quinquefasciatus mosquitoes were captured in CDC gravid traps at homes with a signiÞcant presence of poultry or caged birds than in traps at homes without such a presence (CDC, unpublished data) . Additional research is needed to determine whether mosquito density is similarly associated with the natural concentration of birds, and thus higher in areas where birds are, for example, roosting or breeding.
WNV was detected in blood-engorged mosquitoes captured in all three types of traps used in the study: CDC miniature light traps baited with CO 2 , CMT-20 traps baited with human skin lure and CO 2 , and CDC gravid traps. The total number of mosquitoes collected in CDC miniature light traps placed near chicken pens did not differ signiÞcantly from the number collected in similarly placed CMT-20 traps, and the distributions of mosquito species captured in these two traps were also similar, except that CDC traps captured more Cx. bahamensis and CMT-20 traps captured more Cx. taeniopus and Cx. nigripalpus (Table 3) . This difference may be because the CMT-20 trap uses a humanderived skin lure and does not carry any light-emitting device. The CMT-20 trap is the precursor of the Zumba trap, which has been shown to capture Culex mosquitoes efÞciently, but CMT-20 traps are also useful for trapping Aedes albopictus Skuse if they are operated during the daytime (Bhalala and Arias 2009) .
